Inhibition
Enzyme was preincubated with fatty acid in 0.1M phosphate buffer, pH 7. 4, at 37° for 60 min (BEAChE) or 30 min (HP-ChE).
1 mm of fatty acid was used in ethanolic solution (HP-ChE) or suspension (BE-AChE).
Values are an average of duplicate determination in a representative experiment performed on two (BE-AChE) or three (HP-ChE) separate occasions.
slightly inhibitive.
The similar result was obtained when HP-ChE was tested. This inhibition on cholinesterase may connect with the presence of carbonyl and double bond at the same time.
The influence of fatty acids in vitro on succinate dehydrogenase of rat liver mitochondria were almost identical at the lower concentration and these results will be explained by the detergent property of fatty acid and subsequent swelling of mitochondria. But, the higher concentration of 12-KOA produced the stronger inhibition that the other fatty acids in the same concentration (Table II) . The susceptibility of trypsin against fatty acids was different from above three enzymes, namely linoleic or 12-keto stearic acid was more inhibitory than 12-KOA (Table III) .
Changes of the activity of BE-AChE by increasing the concentration of 12-KOA are shown in Fig. 1 . 12-KOA gave a powerful inhibition at the specified concentration at which the inhibition increased progressively with the increase of concentration of 12-KOA.
Effect of a-Tocopherol on 12-K0A-inactivation of Cholinesterase
It is reported that the inhibition of bovine red cell AChE and intact human erythrocyte is caused by lipid peroxide during ultraviolet radiation.19 In the present paper, crystalline (Table IV) . However, the inhibition by 12-KOA was not prevented by the addition of oc-tocopherol.
No inhibition by a-tocopherol itself was recognized. When both linoleic acid (1 mM) and 12-KOA (1 mM) were added at the same time, enzyme activity was completely inhibited, which was far stronger than the effect brought by 2mM of sole fatty acid and only partially restored by oc-tocopherol. In human plasma cholinesterase, the similar result was observed (Table V) . The synergistic effect by the presence of linoleic acid and 12-KOA, however, was not so remarkably. The inhibition by 12-KOA, in this case, was slightly recovered by the addition of higher concentration of a-tocopherol, which suggests the partial contribution of lipohydroperoxide formed from unsaturated fatty acids in human plasma. ( Table VI) . 12-KOA was found to be more inhibitory on succinate dehydrogenase in rat liver mitochondria than other fatty acids (Table II) . The inhibition was partially reversed by the addition of excess cysteine. If the concentration of cysteine was much greater , e.g. 10 mM, the recovery of enzyme activity reached to 40% (Table VIII) . 
Discussion
In the present paper, effect of 12-KOA and the related fatty acids on enzyme activities was investigated. The inhibition pattern of enzyme by 12-KOA described in these results showed two cases: (a) inhibition by 12-KOA was much greater than linoleic acid (b) inhibition by linoleic acid was much greater than 12-KOA. These results may show that the inhibitory effect by 12-KOA is not merely due to denaturation of protein.
When the same amount of 12-KOA and linoleic acid was incubated with enzyme at the same time, the synergistic inhibition was observed as compared with the inhibition brought by sole fatty acid (Table IV) . It is considered that 12-KOA enhances the effect of linoleic acid, presumably through linoleic acid hydroperoxide formed during incubation. In fact, the inhibitory effect of linoleic acid was prevented in the presence of a-tocopherol.ac-Tocopherol also partially restored the enzyme inhibition in the presence both linoleic acid and 12-KOA. But, the enzyme inhibition. by 12-KOA was almost not prevented in the presence of a-tocopherol. These facts show that the inhibitory effect of 12-KOA described in this work clearly falls into two categories: (1) that is some modification on enzyme protein (direct action) and (2) that is through the promotive effect on peroxidation (indirect action). These are a common observation that the inhibition by oxygenated fats was not completely protected by the addition of oc-tocopherol in human erythrocyte acetylcholinesterase.19) Moreover, these results also agree with Shauenstein's report21) that glyceraldehyde dehydrogenase and lactate dehydrogenase were largely inhibited by linoleic acid hydroperoxide and at the same time non-peroxidic compounds have also apparent inhibitory activity.
It is considered that the inhibitory effect of fatty acid or fatty acyl CoA, except the effect through peroxide, on enzymes are due to detergent properties.22,23) The inhibitory effect by anionic detergents is strong when pH of the solution is acidic.24) It is also known that soaps of long chain unsaturated fatty acids are better detergents than those of corresponding saturated fatty acids.25) In the present paper, since the reaction described in Table I was carried out at neutral pH, the inhibitory effect of 12-KOA could not be applicable to the detergent effect.
Since the inhibitory effect by 12-KOA on succinate dehydrogenase was protected by the addition of excess of cysteine, the inactivation is probably due to modification of SH group of enzyme protein. Linoleic acid hydroperoxide causes a rapid destruction of SH group of proteins and amino acid and inhibits the activity of SH enzymes. 26, 27) In fact, succinate dehydrogenase in rat liver and muscle was strongly inhibited when the rats were fed a basal diet containing 5% of autoxidized ethyl ester of highly unsaturated fatty acids for few days.6) And, the inhibition of succinate oxidase by lipid peroxide was partially retired by the addition of glutathione.26) We observed that 12-KOA reacts with SH group of protein and amino acid. 28) On the other hand, because the protective effect by SH compound was not recognized in the case of the inhibition of cholinesterase, it is likely that the inhibition was due to interaction with other moiety of enzyme protein than SH group. The protective effect was not recognized. when used BE-AChE as enzyme and various SH compound other than glutathione as protec- 
